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Abstract 
The choice of the method of monazite opening determines the further technology.  The article presents the results of the studies 
of monazite decomposition with sulfuric and nitric acid. Also, the issues concerning the extraction processing of opening nitrate 
solutions, containing the sum of REE, with their division into the groups and the disposal of radioactive waste of REE producing 
are considered. 
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1. Introduction 
There is a trend in the modern economy towards the increasing of REM consumption, however, China gradually 
loses its monopolistic nature of REM producing and many countries – Australia, India, Malaysia, the United States 
and other – are supposed to enter the market1. 
In Russia, at the beginning,  monazite concentrate (Krasnoufimsk) as a source of REE can be used temporary to 
meet the domestic demand in the absence of the RE-extractive industries. Average composition of the concentrate is: 
REE – 54.0 % wt., ThO2 – 5.4 % wt., U3O8 - up to 0.2% wt., P2O5 – 22.5% wt. 2. 
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2. Experimental part and Discussion 
2.1. The composition of the stock 
The studied batch of the concentrate was analyzed with X-ray fluorescence method (XRF) using scanning X-ray 
fluorescence wave dispersion spectrometer "Spectroscan MAX-GV” (produced by Ltd. “Spectron”, St. Petersburg) 
and with the method of neutron activation analysis (NAA; Nuclear reactor of Tomsk Polytechnic University). The 
analysis results are shown in Table 1. 
2.2. Decomposition of monazite by sulfuric acid 
The choice of the  method of monazite opening determines the further technology. A large number of different 
methods to open monazite were proposed and studied. The most known are – sulphatisation, processing with 
concentrated solutions of sodium hydroxide, alloying with sodium hydroxide and fluorosilicates, sintering with soda 
ash, chlorinating, etc.. Sulfuric-acid and alkaline methods of opening monazite have had industrial application unlike 
other methods3. 
Table 1. The composition of the studied concentrate, % wt. 
Oxide XFA HAA Oxide XFA HAA 
Al2O3 3.46 - Pr2O3 1.86 1.95 
SiO2 5.39 - Nd2O3 5.87 6.93 
CaO 0.68 - Sm2O3 0.82 0.08 
TiO2 5.25 - Eu2O3 0.30 0.01 
MnO2 - 0.09 Gd2O3 0.27 0.72 
Fe2O3 1.96 - Tb2O3 < 0.02 0.46 
Y2O3 0.37 - Dy2O3 < 0.02 0.15 
ZrO2 0.74 - Ho2O3 < 0.02 - 
ThO2 - 5.93 Er2O3 < 0.1 - 
U3O8 - 0.16 Tm2O3 < 0.05 0.04 
La2O3 8.68 10.23 Yb2O3 < 0.01 0.01 
Ce2O3 23.20 20.35 Lu2O3 < 0.02 0.002 
 Σ REE 41.24 40.93 
 
We have carried out the study of sulfate process, the conditions and the results in the form of changing the 
sample weight are shown in Table 2. 
The methods of conducting experiments: ceramic cups were poured with 20-40 ml of acid of a predetermined 
concentration, then a sample of monazite (unmilled, the main fraction is from 0.16 to 0.5 mm) was added. The 
mixture was heated to a temperature (80-280) °C and being hold for 4-6 hours with constant stirring. Then, the 
mixture was cooled to room temperature (22 ° C). 
The results obtained are shown in Table 2. Table 2 shows that the highest degree of opening is achieved by using 
concentrated sulfuric acid at elevated temperatures.  Due to the fact that ΣREE in the obtained solution is proposed 
to decontaminate from dead-weight (ballast) and radioactive impurities by means of extracting tributyl phosphate 
(TBP), it is necessary to conduct the conversion of the solution  into nitric acid. Schematically, the process of 
opening monazite with sulfuric and nitric acids is shown in Figure 1. 
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Table 2. Study of different opening methods 
Reagent Preprocessing С, mol/L t, °С τ, h Mass changing, % 
H2SO4 - 6 80 4 14.60 
H2SO4 - 12 80 4 21.50 
H2SO4 - 17.7 230 6 82.95 
H2SO4 NaOH  (400 g/L, 4 h, 130 °С) 17.7 220 4 15.75 
 
 
Fig. 1. Flow-chart of the processes of sulfuric-acid and nitric-acid opening of monazite 
2.3. Monazite decomposition with nitric acid  
The number of operations can be reduced by conducting direct decomposition of monazite with  nitric acid. In 
this case the scheme of the process will be similar to the previously developed technology of processing of orthite 
concentrates (orthite – REE hydroxsilicate) with nitric technology 4, shown in Fig. 2. 
Monazite opening with nitric acid at atmospheric pressure was ineffective (the experimental conditions are in 
Table 3, the method is similar to that described for the opening H2SO4, monazite was reduced to a particle with the 
size less than 0.1 mm), sample weight changing was ~ 5 % wt.,  that indicates a low degree of REE opening. 
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Fig. 2. Flowchart diagram of the extracting and processing of orthite ore concentrate 
Table 3. Study of opening with nitric acid under different conditions  
Reagent Preprocessing С, mol/L t, °С τ, h Mass changing, % 
HNO3 
- 6 95 4 5.00 
- 12 95 4 5.30 
- 12 115 6 5.05 
Additive Fe2O3 (2.5 g) 6 80 4 4.75 
Additive Fe2O3 (2.5 g) 12 80 4 6.30 
NaOH  (400 g/L, 4 h, 130 °С) 12 115 6 16.15 
NH4HF2 (10 %, 1 h, 80 °С) 12 90 6 4.25 
NH4HF2 (40 %, 1 h , 80 °С) 12 90 6 5.70 
 
2.4. Decomposition of monazite with nitric acid in the digester 
The use of nitric acid is complicated because of its low boiling point which limits the variation range of the 
temperatures. In this regard, a study of the process of opening monazite with nitric acid at elevated temperatures in 
the autoclave, using laboratory and enlarged units, was conducted (Fig. 3). 
Autoclave is a heavy-walled cylinder with the nominal volume of 7 dm3. The cover plate of the autoclave is 
bolted to the body and has a thermowell, the flange diameter is 28 mm. According to the results of the studies based 
on laboratory setup, optimal conditions were selected: 9 М HNO3, 200 °С, S:L = 1:10. Pressure monitoring was 
carried out with the pressure gauge, when the pressure reached 2.0 MPa, pressure relief valve was used for pressure 
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relieving. Opening was conducted under constant stirring for 150 min, the pulp obtained was filtered after cooling 
the autoclave during twenty-four hours to room temperature. 
 
Fig. 3. The scheme of the enlarged setup for autoclave opening: 1 – motor and rack; 2 – cover plate; 3 – body; 4 – mixer; 5 – pressure gauge; 6 – 
pressure relief valve; 7 – thermowell; 8 – heating elements; 9 – power unit; 10 – thermoregulator 
According to the analysis of the resulting solution by mass spectral method, it was discovered that thorium and 
uranium were transported into the solution almost quantitatively, REE – by 55-60%.  Thus, the results of sulfuric 
acid and nitric acid opening of monazite concentrate show the following:  
x The methods of processing monazite feed stock, mentioned above, can be used for producing rare earth metals;  
x A number of issues require  more thorough study, which effective solution will enhance the value of these 
technologies as a potential way of opening monazite concentrate and extracting from it the valuable components. 
2.5. Extracting processing of  nitric acid opening solutions, containing REE 
We proposed a conceptual model of processing of monazite concentrate (Fig. 4) based on the study of  opening 
orthite concentrates4,5. REM decontamination from ballast impurities is carried out in several stages: at the first stage 
the bulk of the impurities is separated during extracting nitrate solution with 100% TBP. REM and Th are stripped 
from the organic phase of 0.2 N HNO3, the resultant solution is exposed with hydrolytic tertiary treatment, adjusting 
the pH solution  to ~4, wherein a part of the radioactive contaminants is also precipitated. REM deep 
decontamination from impurities should be carried out with 30% TBP, at that REM are kept in the solution. 
 
 
Fig. 4. Flowchart diagram of extraction processing of REE-containing nitrate solutions with REE division into groups 
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Laboratory experiments on the extraction decontamination of REE from Th show that the proposed extraction 
scheme will provide obtaining of  nitric acid solution of REE with total volume alpha-activity of the solution less 
than 1∙10-8 Ci / (REE kg)5.  
Extraction separation into subgroups should be carried out in the 100% TBP – evaporated solution of REM 
nitrates with a concentration to 400 g / l. Separation occurs between Sm and Nd, light REM remain in the raffinate, 
yttrium subgroup is in strip solution. Separation of rare earth yttrium subgroup is carried out in the system: TBP – a 
quarter of ammonium nitrate salt base (CHAO) – thinner – a concentrated solution of REM nitrates (200 g / g). In 
addition, medium-weight REM move to the extract, yttrium and heavy REM remain in the raffinate. 
2.6. Disposal of radioactive waste 
One of the most complex issues concerning the technology of development of REE- production is the disposal of 
waste, containing thorium and its daughter products. For further detailed study we can recommend the following 
ways5.  
The first  is pulp cementing, containing all radionuclides that came with the feedstock, with further disposal in 
the earth trench. The disadvantage of this way is quite expensive binder - cement.  
The second way of thorium waste disposal is a separate disposal of thorium strip solution and pulp from the opening 
of the concentrate, when, at least, 99% of thorium is extracted. However, thorium strip solution will be sent to 
underground disposal, which specific volume activity is two orders higher than that of the solutions allowed for 
downloading. 
The third way involves extracting, concentrating and subsequent disposal of thorium in the form of 
hydroxocarbonates. The process of allocating thorium hydroxocarbonates from the thorium carbonate strip solution 
consists of the following operations: neutralization of sodium carbonate with nitric acid, followed by precipitation 
and separation from the pulp by filtration of hydroxocarbonates. 
Thorium hydroxycarbonate belong to the second group of radioactive waste, which is called the group with mean 
activity. Thorium hydroxocarbonates disposal is proposed to use with waste disposal of the second group. 
Transportation of thorium hydroxocarbonates should be in sealed plastic bags placed in metal reversible containers. 
The raffinate and wash solutions from precipitation washing are sent to  underground disposal. 
In case of  demand for thorium products we should provide obtaining ThO2 by calcination of thorium 
hydroxocarbonates. At this point, apparently, the third way is the safest way of radioactive waste disposal from REE 
producing. 
3. Conclusion 
The results of the studies of monazite decomposition with sulfuric acid and nitric acid (at ambient and elevated 
pressure) are considered. The obtained results allow us to recommend  more detailed study of a number of issues, 
which effective solution  will enhance the effectiveness of these technologies and their value as a potential way of 
opening monazite concentrate and extracting from it the valuable components. 
The scheme of processing of nitrate solutions of REE summation with extracting method, separating REE in the 
groups is proposed. It is shown that the proposed extraction scheme will provide obtaining of nitric acid solution 
with REE total volume of alpha-activity less than 1∙10-8 Ci / (REE kg).  Possible ways of thorium-containing waste 
disposal are considered. The most safety way is extracting, concentrating and subsequent disposal of thorium in the 
form of hydroxocarbonates precipitation with specific value of alpha activity less than 1∙10-3 Ci / kg, as a waste of 
the group with middle activity, and, if necessary, to obtain ThO2 by  calcination of thorium hydroxocarbonates. 
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